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ABSTRAC" AfNlCLASSIFIED)

The detection of subnmarinDs by means of passive sonars becomes more difficult as the radiated

noise of sulbnariaes ib gradually decivasing.

Hence there is a need for active sonar transducers that produce sound at frequencies below e.g.

1000 lz., Several kinds of low fir 1uency rinsducers awe presented, working on different

principles, being commercially available.
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SAMENVATfnNG (ON3GERUBRICEED)

Hel opsporen van onderzeeboten met behbup van passieve sonars wordi steeds moeijker oidM

onderzeeboten steeds minder lawami gaam maken. Er is damadoor vraag naar geluidbronnen voor
actieve sonars voor bet furquentiegebied lager dan bijvoorbeekl 1000 Hz. Er worden vezscbiillcdc

soonen van laagfrcquente transducentea beschreven, die in de handel vcrkrijgbaam zjln.
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1 INTRODUCTION

Submarines nowadays are gradually becoming less noisy. This hampers the use of passive sonars for long

range detection, giving rise to the need of active sonars. These may consist of a traditional passive towed

array with an active adjunct projector. There is no doubt that the frequency should be low, e.g. lower than

1000 Hz. In this frequency range practical restrictions in weight and size prohibit the use of directional

transducers. Hence the active adjunct projectors should be designed as omnidirectional sound sources [15].

In a preceding report [13] a treatise is presented of the design, the sensitivity and the maximum source level

of small underwater sound transducers in which the electro-acoustical motor consists of a hollow sphere or

tube of piezoelectrical ceramic. The scope of that report covered single elements of spherical transducers

and of tubular types either with end-caps or with pistons, the latter being called "Tonpilz"-clements.

Practical limitations on the size, the weight and the price of such transducers however restrict their

application as efficient sound sources to frequencies above 1 kHz.

The present report can be considered as a sequel to the preceding one. It presents transducers to be used as

sound sources at lower frequencies. The scope however is different: Less theory, mathematics and

equations, but mainly descriptions and data of commercially available low frequency sound sources 1).

Low frequency omnidirectional projectors with dimensions small compared to the wavelength of the sound

they produce are victims of an adverse physical rule: Their radiation load impedance is low with a strong

reactive component (see figure 1). In order to produce a desired amount of acoustical power their radiating

surfaces need to make large excursions while a multiple of reactive power is needed to make this possible.

This becomes more severe as the frequency gets lower [15]. The result is a poor radiation efficiency and a

restricted output power, being limited by mechanical constraints of the radiating surfaces.

In this report of a number of low frequency transducers the maximum possible "Source Level" is presented.

This is 20 times the logarithm of the acoustic pressure in micropascal at I m distance, expressed in decibel

re I liPa. In the next chapters the following types of transducers are described:

I. Double piston elements: Ch. 3

2. Open hollow cylinders: Ch. 4

3. Flextensional transducers: Ch. 5

4. Bender bar transducers: Ch. 6

5. Electro-dynamical systems: Ch. 7

6. llydraulical driven vibrators: Ch. 8

I) In this frequency range there is no need tor special hydrophones. All transducers described 1131 are useful as hydropbonea at any low
frequency too, Htence In Ibis rtpor attention Is paid to projectors only.
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A link with traditional active sonars using directional transmission is laid by starting with a presentation on

'the source levels of cylindrical arrays of Tonpilz-elements in chapter 2.

Qj
o;
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E

01

010,1 1 10

Fig. 1: Real (R) mad iniaginary (X) component of the radiation impedance Z = R +JX of a pulsating
sphere with diameter D, versus the ratio of the diameter to the wavelength k.
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2 CYLINDRICAL ARRAY OF TONPILZ ELEMENTS

Ref. 13, eq. 138 on page 77. gives dte maximum source level of a single Tonpilz element with a diameter of

half a wavelength at resonance:

SL WOlog(3.2x 107 fet) + 120dBre I pPaat metre disance,
-20 .1og f+ 270 dB re I ;fta (1)

Typically, a anay of piston elements for a submarine detection Sonar may contain 360 eotents. a=ranged

with half wavelength spacings in a circular cylinder with vertical axis, consisting of 36 staves with 10

clenucts each (see figure 2).

SLI,~ .... 1t

I

P18 . 2: Trnmsduc for the Samr SQS-505, conssting of an array of Tonpilz elements. arranged hn
.36 staves of 10 elemetitseack.

Of such an array 12 adjacent staves are energised at f-il power with proper delays or phase shifts between

the staves to form a beam in one direction. Such an array can be conside-ed as a flat anray of S wavelengths

high and of the same width cotaining 120 elements. Then the total eneqry radiated by this array is

10 log 120= 21 dB higher than of one element. Due to the beam formation the directivity index of the array

is of the order of 25 dD (see 15J. pL 201). Hence the source level on the acoutica] axis of the beam is

increased by the s•ae amount. This chafges eq. I intothe source level of one beam:
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SLa -20 log f, + 316dB re I pPa at I m (2)

In pracice, due to interaction effects between the elements in the array, the source level my be a few dB

lower (see [41. pp. !07-108).

Of four different sonar transducers the dimensions and the source levels awe presented in table 1. ui
comparison with the theoretical design values according to the theory given above.

These source levels are shown in figure 3: A straight line for the theoretical values and 4 points for the

practical examples.

IG

250.
N

SQ$-23.

240'

SOS-505----9.

230.
lIHz 1OkHz

frequency

Fig. 3: Maxiunm source levels on beam axis of Naval Tonpilz an-z~s.
Theory (11 ) - - -

_ Theory _ Practice_

frequency armay array number of
(0) SL DxH Sonar SL Dxl1 staves x elements

3.5 kHz 245dB 2.5 x 2.2 SQS-23 240dB 2.3 x 1.6 12x8
5 kHz 242dB 1.7x 1.5 243dB 13x 1.6 16x 10
5.4 kHz 241dB 1.6x 1.4 SQS.509 2361dB 1.7 x 1.7 12x10
7.2 kHz 239dB 1.2 x 1.1 SQS.505 234dB 1.2 i 1.2 12X10

Table I: Source levels mad sizes of Tonpilz arrays.
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Note: The array dimensions, D = diameter and H - height, are expreswd in mets.

The theory considers arrays of 36 staves each with 10 elemems, of which 12 staves ae used for one

beam. In practice the SQS-23 uses 12 staves of 8 elements for 3.5 kHz and 16 staves of 10 elements

for the fiequency of 5 kH• In the latter case the array has 48 staves in total. Therefon: the practical

source level is I dO higher than theory predicts for 12 staves per beam.

In all other cases the practical souwce levels are 5 dB lower than theory predicts.

Due to the bnreasing size of these affays when the frequen is lowered for practical reasons their

application is resmicted to frequendes above 3 kHz.
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3 DOUBLE PISTON ELFME.NTS

Ref. 1131 describes in chaper 4 the design and pcrfrmance of symneki•l piston traaducers with two

radiating faces Prv low frequenies however these tasu cersM Would become inpracICaly large. E&g. for
a resonance frequency of 3000 lIz the diameter would be of the order of 0.8 m t0.5 X) and the length about

I m (0.7 X) while die radiation pattern would be strongly directive.

Transducer of this kind were designed sod constructed by GERDSM in France with the name 'JANUS"

and subsequetly produced by Pons, Aubagne (see 141 (pp. 105-106). 1101 and I11]). Using slender st2acks

of cermnic discs between relatively heavy pistons the size of these transducers is appreciably smaller than

of those descrbed in 1131. resulting in onmidirectional radiation patterns at frequencies upto resonamne.

Table 2 summuares the main characteristics of these transducer Frequency response cives ae shown in

the figures 4 and 5. Tbe directivity of some transducers (J-I 100 and J-1600) at frequencies above resonance

is illustrated by two curves: "Axial" means the level on the length axis perpendicular to the piston surfaces.

"-Equaionar gives the level in the plane peapedicular to the length axis.

It is possible to construct an amy of JANUS-trmsduces as a pile of elements with their axes nmutually

perpeadicular, as shown in figure 6. Thi increases the source level (see tabie 2) and causes directivity in

die venical plane according to the length of the arry expmssed in wavelengths.

JANUS-transducers ae supplied with an internal rube air bag for hydrostatic pressure compensation.

This increases the mummnum depth of operation 1500 ma.

ype Pton Axial Resonance Maximum 1
diameter length freqeny SWAMcelevel

JANUS-S0O J 0.3 m=0.11 X 07 m-0.26X,. ,5101. 191dB

JANIIS-S00Bi 0.3m-0.16), 0.6 m - 0.33L I 820Hz 195 dB

JANUS-1100 0.4m-0.3 ), 0.6mu,0.44. X 100Hz 207dB

JANUS Helmbeh"W 0.3m-0.16 X 0.6m -0.32X, 00-1z 204dB

0.22 X 0.44 X l10"Hz 207dB

JANUS-1600 0.3 m a 0.33 X 0.4 sm 0.4 ) 1500 Hz 195dB

Anray of 6 elements JANUS "Heb-olz" 800Hz 29IdB

1100Hz 221 dB

Array of 9 elements JANUS-1600 1600 Hz 210 dd

Ref. 241, 1101 and 1111.
"T'able 2: Some characeritics of double piston transducers.
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Fig. 4: Maxiunum source levels versus a.qk-Y
of double piston Ip.Z e I J AMU S-5 M, J AN US -OOD and JANUS-I 100
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4 OPEN HOLLOW CYLINDE.RS

A classical publication by McMahon [6] presents the possibility to use free flooded piezoceramic rings as

efficient sound sources. Since then transducers of this kind are commercially available. They have the

shape of a rubber moulded open cylinder without pistons or endcaps or any pressure release material.

Therefore they can be used at any depth

These transducers vibrate radially with two fundamental resonance modes:

The radial resonance of the ceramic ring and the cavity resonance of the enclosed water volume. At both

frequencies the radiation has a relatively high efficiency of about 50 to 70% but with some directivity in the

plane through the axis of the ring. In that plane the source level is maximum in the direction perpendicular

to the ring axis with a beam width between the -3 dB directions of about 60 to 90' with secundary lobes in

the axial dir':ctions (see figure 7, borrowed from [6]). See also [3].

Fig. 7: Directivity patterns of free flooded open ring transducer at two frequencies:
at cavity resonance
at radial ring resonance - - -

Both resonance frequencies are inversily proportional to the mean diameter D of the ceramic ring while the

cavity resonance frequency f¢ also depends on the axial length of the ring.

The frequency of radial resonance f, can be approximated by the relation:
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1200

D

which makes the diameter close to 0.8 X at this frequency, where X is the wavelength in water.

The cavity resonance frequency fc is lower than fr, depending on the ratio of the length to the diameter of

the ring. For relatively short rings f¢ is only slightly lower than fr with a strong and efficient coupling

between them. When the length to diameter ratio increases, fc decreases while fr remains almost the same.

This gives the transducer a larger bandwidth but a lower efficiency.

The largest rings commercially available cover the frequency range of 500 to 1000 Hz with maximum

source levels of the order of 213 to 222 dB. Smaller units produce lower levels.

Attainable source levels are presented in figure 8 for three transducers made by the International

Transducer Corporation (ITC), U.S.A., and one by Sparton, Canada. The main characteristics of these

transducers are summarized in table 3.

T•,pe: ITC-2010 ITC-2012 ITC-2015 Sparton

Outside diameter 0.41 m 1.25m 0.37 t 0.68 m

Inside diameter 0.33 1.00 M 0.26m

Axial length 0.30 m 0.30 m 0.20 m
Length to mean diameter ratio 0. 0.25 0.6

Cavity resonance frequency I kH:, 0.7 kHz 1.8 ýHz 1 kHz

Maximum SL at cav. resonance 194 dB 213 dB 213 dD 220dB
Radial ringres. frequency 3 kHz t.t kHz 4 kHz 2 kM
MaximumSLatringresonance 199 dB 211 dB 206 dB 220 dB

Maximum electrical RMS-voltage 2 kV 5 kV 3 kV 3 kV
Maxlmumelectricalpower I kW 25 kW 15 kW 100 kW

Ref: ITC catalog of underwater sound transducers.
Sparton data sheet.

Table 3: Characteristics of some ring projectors.

Note:The diameters and the length are given including the rubber encapsulation, which may be several

millimetre thick.

The peak source levels as shown in figure 8 are restricted mainly by the different power handling

capabilities of the transducers. It further appears that the largest bandwidth occurs with the transducer

which has the greatest ratio of length to diameter (ITC-2010), causing the largest difference between both

resonance frequencies. With shorter relative: lengths the resonances come closer together. The greater

length of the I rC-2010 causes the radial resonances to radiate stronger than the cavity resonance. With the

shorter transducers this is just the reverse.
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1 s9rtnln (X. cy)

1T:2012 "% " 17C-2015

Ž20 ____ITC-201 1

1 R

2~G I

I I(2 kV)

I ~I '

170 1 - OllO

I (• kV)

10 .': 1C0 -!.s 1 icJi l0kHZ

frequency

fIg. 8: Mualmm source levels vers frequency a oonaut. ddring voltag (. to 5 kV RMS)
of de oWen Imllow cylinder tr,•andcer from rrC (USA) and one of Spazon (Canada).
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Source level, directivity an bandwidth can be enhanced by assembling several rings in a coaxial

arrangement to form a line aray. Optimum performance is obtained with relatively shor rings, mounted

with a spacing between the rings of slightly more than a half wavelength at the cavity resonance hequency

161.
Note.e pCx rgs can be replace by metostiive rings with toroW wbtp. giving the

same performnance but wit the advantage of low electric impedance operation. elimirating di need

of ighr volt insulage of die rig agis the see watr.

A good magnetostrictive material for this purpose Is Vanadium Peomudur 1141.

I
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5 FLEXTENSIONAL TRANSDUCERS

5.1 General

The first publications on flextensional transducers appeared between 1965 and 1970 by Royster (see [12]).

The principle of this concept is based on the volume variations of a vibrating ellipsoidal shell (see figure 9).

Fig. 9: Principle of a flextensional transducer.

When the long axis of an ellipsoid is set into vibration, the length of the short axis will vibrate with a much

larger amplitude. This makes the ellipsoid to an efficient radiator of acoustic energy at low frequencies. In

general the frequency of fundamn-ital resonance of ellipsoidal shells is so low that its length is small

compared to the wavelength in water. Hence these transducers radiate sound omnidirectionally.

Royster [12] grouped different flextensional designs into five classes (see figure 10):

Class I has the shape of an ellipsoid of revolution around the long axis, like an egg. This axis is

excited by means of a pile of piezoceramic discs.

Class I1 results from attempts to increase the frequency of resonance while maintaining the power

handling capability and hence the length of the ceramic stack. The length axis is still the axis of

revolution.

Class III is a variation of class 11, with two spneres, giving coupled resonances and hence a wider

bandwidth.

- Class IV has the shape of an elliptical cylinder, again with stacks of piezoceramic discs along the long

axis of the elliptical cross section.

Class V finally is again an ellipsoid of revolution but now around the short axis, like a discus. The

excitation of the long axis circumference can be performed by means of a plezoceramic ring, or, in the

smaller high frequency types, by means of a ceramic disc.
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Class I Class II

Class Il

aClass IV

Class V

Fig. 10: The 5 original classes of flextensional transducers.

For low frequency underwater sound projectors the classes IV and V are applied in general. They are the

easiest to manufacture and they have a high electro-acoustic efficiency of more than 50% at resonance over

a large bandwidth of the order of one octave.

Note:The subdivision in the classes I to V as suggested by Royster is not adopted by other authors.

Eg. [4] (p. 123) uses the following classification:

class I is the same as Royster's class I,

- class I is the same as Royster's class V.

- class III is ak new concept: In stead of an ellipsoid of revolution it has the shape of a hyperboloid

of revolution (see figure 11)
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Fig. I!: Shape of "new" class M flextensieon tansdUcer.

This has the advmage over class I tin the ead plates vibate in phase with doe hbypmbolical

surface and that d hydrosatic pressure hnc se the prestress of the ceamic stack nhr than

decreasing it as in classes I ad IV (see pba. 5.2), thus making the device capable to be operated

VA grete depth. Hoever. the problemus with manfacturing such hypefblical shells at present

mde the practical reaflsatlon of such transducea

-Class IV again is the same as Royste.'s class IV.

5.2 Class IV flextensimals

Elliptic-cylindtical flextensiuals ae commercially available, eithe with alumInium shells ('ridish

Amspac UK) or with filamnm wotmd compolste materials like glass or-catm fibre epoxy (EDO, USA)

(see figure 12).

Fig. 12: Class IV flexteasomal transducer unit without end plates
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In these designs the ratio of major to minor axis of the ellipse is of the order of 2to 3. In order to avoid

spuious resonumes the height of the elliptical cylinder is less than the length of the major axis. but armys

can be built by piling up sevetral uits on top of each other. Each unit is provided with watertight en plates;

(see (2],141 (pp. 121-133). 181 and 193).

"Typical dinsionm range from 15 to 60cm major axis length with a wall thickness fnxn 10 to 40 mu and
with resonance frequencies from 3 kz down to 300 Hz with a Q-factor of around 3. The ceramic sacks

along the major axis an prestressed by elastic deformation of the shell: slightly oversized stacks are
inserted n the shell after squeezing it along the minor axis, thus eonatng the major axis. After rnemg

of the squeezing force the stacks are compressed by th elastic stress of the shell Undr water howm the

hydrostatic pressure acts mainly an the mir axis, thus releasing the probtressing force on the stacks.

Widthou pressure compensation the opeating depth of the transducer is limited to about 300 m

(see 141, pp. 121-123).

Due to their relative small size small compied to the wavelength in water, at low frequencies the acoustic

load is low and stsrgly reactive, requiring a large velocty amplitude of the radiating suface. Hence the

allowable maximum stem in the shell is a limitation in the power output of transdur with low resonnce
frequenci In this respect the filament wound epoxy (of EDO) may be superior to alumnum (from UK)

as shell material.
For smaller transducers with higher resonance frequencies the power t .tput is limited by the amount of

ceramic dics which can be housed inside the shell A single umasduc. r of about 20Dc long and high.
resonating at about 2 kltz, may radiate an acoustical power of I kW. caushil an ornidirectal sou-rce

level of 201 dB. Larger amits of 50 x 50 cm can produce source levols of 208 dB at a frequency of 350 b-,

radiating 5 kW onmidirectionaily (see [41. pp. 129-130). HiM source levels ae possible with staves buih
up with several units, giving some dircivity in the plam containing de stave axis.

Somfe requcy chlracteRistics of th maximum source levels of three aluminium shell flextensiknals are

shown in figurc 13, derived from data extracted from 121,14. 118, and [9).
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frig. 13: MaxinwUn somce levels at a cons"aU diving volh of .5kV RMS
of dmree alunudum shell flezxensional ttc c S,
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5.3 Class V Ixensionals

See [7); low frequency high power class V ilaensionals mainly consist of a segmented ring of

plezeceramic blocks sandwiched betw.en two circular convex metal shells (see figu 14).

W, A

Fi. 4 Cntrcio f -Rig" C fomo

; /
I!l

I It I

I ! I ,
I I I I
I \ I a

The radial vibration of the ring dries the atached metl sheA m in=%re with a considerable enuancement

of the mechanical motion of the shell surfaces. The only known manufacturer of these transducers is

"Spanto of Canada Lad." which produces dhem under dhe name of "Ring.shel pwrojectors. im active sing

consists of P of piesocmamic blocks beerleaved with tapexrd metal insets. all glued together and

prestressed by ciumfereantial wrapping of fibreglass roving applied under tension and consolidated with

epoxy resin. The metal shells conventleady are boiled onto the metal inserts of the ring

Typically the total thikn1ess Of thC tnIuce (i.e. the minor axis of the ellipsoid) is of the order of 0.2 to

0.5 times the outside ring diameter.

As a result of its design this type of trasducer exhibits two fimdiaental resonance frequenclev the lowest

Resonance occurs by die vibration of the Iwo metal shels fle plezocermic ring itelf onates at a higher

frequency. At both resonances the eleeuoecoustic efficiency of the transducr is high. At the shell
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resonance frequency h wavength is large compred to the trainsdcer diameter which makes the

radiation onmiduectionally. At the frequency of ring resonance however the waveleng•h is closc to the

transducer size. causing some directivity.

The sange of resonance frequencies is the same as for the class IV flextensionals: from 300 Hz to 3 kHz.

but the source levels in general are Wow. up to 220 dB at 2.5 kIz. See table 4, giving some characteristics

of four different Sparton-tmnducrs. Of two of thet the frequency response curves are shown in figure 15.

shell neooance ring resonance

diamS thick- acoust- elem1 band- I -1
s34 0 Ness ± AA SL power power width freq A/i SL
y A(cm)C(cm) A/ Hz dB AkW H HU d]

34Ao61 89 30 2•.9 61,o 03 23 15 2o 140 2. 1,.5 2
34A'I00 8 50 1.8 10ooo 0.6 2,-7 1 40 5 200 2.5 1. 20

"Table 4: Characterstis of rin-sheU tra.,sdooem

t- A T-
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Fig. 15: Manimmu somce levels of so=m ring.-sill wdu from Spmton
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The thin flexible shells require sone mans of pressure wheti w the transducers are to be used

at some depth under water. But also. lIke with the clan IV flextensionals. the hydrostatic pressure tends to

reduce the prestressing foce a, the Ocram•c rng. Therefore the empty space between the shells contams a
flexible rabber bladder which has an open connection to the surrouding water while Oe cavity around this

bladder is filled with compressed air. In this way the interior pressure is higher than (or at least oqu to) the

outside hydrostatic pressr enhancing the opee•mg depth of the transducer. Good pet•fonmnuce is

obtained to a depth o(abmu 300 m while the survival depth s at least 500 m.
Because all parts of this type of transdhm are vitrating. the mechanical mounting of these units to any

fixed stnuctume may pose some problems. A resilent suspension is needed which ma not impede tie frie
vibration of thr device.

Likewise it .emes difficult toassembn, several unit* into a stave in order to increase the source Level in one

plane. Sparon themselves asggest a btbcycle arangemewu with two rn-sheils mounted side by side in a

frame with half a wavelength spacing, but this can be done only if the outside 4iameter is smaller than that

(see table 4).

Compared to a single unit of a class IV flextensional projecto a single ring shel is able to produce a higher
source level at the same frequency, but the source level of a stave composed of several flextensionals
mr.ourned on top of each other cap - superior to that of the ring shell.
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6 BNDER BAR TRANSDUCERS

Bender bars or bimorphs belong to the mo simple types of low frequwcy eectmcoutic ItraMSuers. It0

operation is based upo,' the flexuse of a me.al-ceramir sandwich, due to the varmtion. length wlth apphed

oltage of she cemmic with respect to the metal base plate (see figure 16).

Pig 16 InfdeT tar.

When fully submerged such 3 bender trauuducer Is a poor radiator becm:se of its wnl size expressed Ina
wavelcngdus at resonace while bt|h sides radiat¢ with opposite phase. Jfoevner. if a nunser of sech

bander bars is assembled to a cylindrical slu.ure like a bael. an erficient oml-ditjonal adltor I&
obtWnd (tee figure 17). POr electric insulation of the Iuglh voltage Ceet•rdcs on die celrPnnl A" t she

whole asseumtly iR coated inside and fmtside with rubber. When the ierier space is ope, to tihe "a water

the device bchaves like a.m open hollow cylinder rUmioucer as described in chapter 4.
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Fig. 17: Barrel stave transducer with bender bars

Bender bar transducers are manufactured by Honeywell, USA, under the name HX-90 for operation in the

frequency range from 200 to 1000 Hz. The internal cavity is closed and filled with oil, containing compliant

metal tubes to lower the internal impedance and to control the resonance frequency. The bandwidth and the

maximum output power can be controlled by the viscosity of the oil: high viscosity oil gives a larger

bandwidth but with a low viscosity a higher acoustic output is achieved. Two typical examples of

maximum source levels are shown in figure 18.

The diameter and length of these transducers are of the order of 0.5 m and their weigbt is of the order of

600kg.

Due to the liquid filled construction the depth capacibility goes down to 500 m, limited by the strength of

the compliant tubes in the inner cavity.

Bender bar transducers easily can be assembled to staves of single elements, mounted on top of each other.

in order to improve the source level and the directivity in a vertical plane.
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'3 MOVING COIL PROJECTORS

Thee transducers openat in the s way as electrodynmuic loidspeaken of which the large paper com
has been replaced by a small rigid iight-weight piston which has about the same dianeter as the voice coil.
"They are produced in any size with %eights between 10 and 1000 kg (see figRe 19).

0
WATER

0

Rubber bag magnet voice coLt piston
for pressure onipensation

protective grid

P-g. 19: Moving coil projector (schematic).

TI smallest types have a diameter of about 10 cm and cover the frequency ainge of 50 Hz to 20kHz with
a tatner ft frequency response curve but with a low efficiency (0.04 %). With an elecruic input power of
20 W they produc q source level of the order of 150 dli. Larger units give higher source levels with a
better efficiency but within smaller bandwidths.
Well known types are the US Navy series J-9. J-11. J-13 and J-15, prodluced by Maulee Resources in
IwoWida, USA. The largest types reach a sourcc level of about 170 dB in the frequency band of 50 to 500 Hz
with au input power of 250 W. Of the same manufacturer m the types MR-214, MR-219 and IlR.216 of
which the specificatom mse smmarized in table S. MRlR-214 resembles the J-9. MR-219 is mere like te 3-
13 while MR-216 is much larger. The latter type comes In two versions: one with a single piston, like all
other types, and one with two pistons at opposite sides of the cealtral magnet
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MR.214 MR-219 MR -216 qTICK Beunce

napOK7 ahi 304000 M=W100 10-.250 56.5001) 0440
iusimmi b" pow WIC 35 225 1501) low 30D0

Bfdciac (y1 0.2 0.2 CIA 1 6
Lhaz4kuma - "almc Hot US l0 173 ISO 194

enriacid Wwdmce (lo 3 4 13 40 20
Phiomiier [CM) 5.7 t0 30 i1 66
Ttmdocsdomaeuu tcmI 14 22 61 55 73

Iargo l5ad 52 78 74 58 139
wdiPl tcal 602 320 30 930

Maiamdepetl

-pmtve COmPlaat ([3 90 20W 30 65 12

&*"iv aOMocaiaoo 3.3 700 400 ISO - M0

Tabel 5: Main characteuistics of some moving coil projectors.

Other lae moving coil pro*tors are mamifactuird in die UK by Gearing and Wasson III Hulihaln and by

Delritron in Hastings. The Derritiron Hlydroscwuder type K resembles tih MR-216 (single piston type) in

size and performance. A larger unit called "Bernice" opera with two opposite pislto in a amow

frequency band around resonance. which Is about 100Hz (see table 5 and the frequency response cutes In
figure 20). With a power input of 3 kW the Bernice produces a source leved of 194 d4 but hi relatively his

efficiency (7%) Is paid with a narrow bandwidt. While all oher moving coil proje r are equippd with

permanent magnes the Bernice ases a coil with a DC cuam for its magnetic field. lhe additiOmal DC

power of 500 W. consmed by tie field coil, however slightly Muc th overall effioncy of this

uswducer to 6%.

Al these moving coil projectors eed a pressure compemstion device In order to equalize the inside

piessure with dhe outside hydrolazitc pressu. This is realised by me of an air led lubber b• g which

can be compressed to a limied extent. Hen with this "passilve copensalmio" ie depth of opera•lon of
the transducer is resricted (see table 5). Por greater depdt the air bag can be plesuuised by anims of

"Scuba diving gear" consisting of a bottle with pressurised air and pressure regulating system. This ih

called "active compensitiou" it tble 5 (m' also 14). p. 117).
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a IIYDRAULIC SYSTEMS

All IUasducets described before arc drivcn by a piezoelectric motor, which is hiohtaly a stiffsystem. But

for creating a lare- displacement, needed for high power radiation m low frequencies. mechanical

rfanfounen are Included like benders or crved shells. These are effective only in a limited frequen•y

band around resonnce.

Larie displacements at low fhequencles over a largo bandwidth can be realised only by puMy mechanical

mcans like mchunically driven pistons. Of dth several possible sokltos for ths the hydrauuic actuatin

gives the be•t pesformance

"lsTe principle a shown in figure 21 (Q41. p. 116).

Two oppoing pistons ae driven by a central

hydraulic motor which is controlled by an electric

signal of the desired frequency. The hydraulic

* pressure can be generated locally Inside the
transducer housig by an electrically driven pump.

lIence the cable aries standard electric power for

the pump and a low level ele•ctri signal for the

control vidve. The frequency ringe of operation is

limited at the low frequeacy end by the available

ponv, and by the psib@ excursonm of the 1

pistons. 'fle hih f ency limit is dictated by ,tlef. Wr"PMA PAO UA hW

fiexual resonances of the pistons. f1g. 21: Principle of hydradik actuated proctor.

"he outside hydrostatic presms can be compensated to a ceriain extent by die hydrauli, pressure, which

allows a depth of operation of the order of 100 m. With the aid of controlled internal gas pressure the

transducer can go deeper.

A good exasple of this type of tmuducer is the SSH 60-300. made by Pown in Aubagne. France. It

produces a source level of 193 dB in the frequency range of 60 to 300 Hz (see figure 22). This is close to

the level of the Bemice. but its bandwidth is larger.
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This towed transducer is designed for low

frequencies when very high source level and -

broad bandwidth are required.

it is well suited for:

- long range underwater transmission,

- propagation study.

Strongly built, the SSH 60-300 permanently
controls its sound level. It can be towed at
moderate speed, with a cable feeding electrical
power and the modulating signal.

The same cable feeds back the different status

variables of the transducer.

TECHNICAL CHARACTERISTICS

-Power supply: 3 x 380 V 60 Hz A.C.

+ control signal

- Maximum transmitting level 193 dB

- Usable frequency range 60 Hz to 300 Hz

- Ocean depth without

pressure compensation : 100 m

- Weight in air: 700 kg

- Weight in walei• 385 kg

- Width: 0.850 m

- Length 2.870 m

- Height: 1,430 m

STAGE of DEVELOPMENT

- In production

S.C.M. A. PONS avenue do a Flaund-e Z.V Los Paluds- 13688 AUBAGNE - T6. 42.82.90.90- Tilex 440 041 F

"Ti*copie : 42.82.90.90

Fri. 22: Vciy low freueacy hydraulic so"Wd soume.
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9 SUMMARY AND CONCLUSIONS

Several kuids of commercially available low fequency transducers have be= presented in diis report. The

nuanini sauna levels of sgle omnl-directional units am presented for mutual comparison in figure 23.

Of each kind of transducer owy those types wer selected that give the highest levels at the lowest

fraquency. Of all the types the required electric input power is given which a equal to the power ha••mg

capability of doat transducer.
With arays composed of several units higher sounce levels can be obtained. As long as tde size of thde aray

remains smaller than half a wavelength the source level will inrease by 10 log N. where N is the nu• berof

elements. f the size grows above half a wavelength, the directivity index of that aray causes an additional

increase of the source level in the direction of the acoustical axis.

Looking at figure 23, there seems to exist a Imait above which no source level is possible. is limit rises

with the frequaency with a slope of about 8dB per octave. A possible explanation might be dtt pmactical

and economical reasons restrict the size and weight of transducet elements to a certain limit. WheA the

hfrquency gets lower, the transducers become umafler in terms of wavelengths which nakeu e radia• t

impedance less re and mor eactive, requiring moe reactive power and reducing the eft ncy (151.

ibis effect is ilhlstrated in figure 24 which Sivas the acoustic power (and the source level) of a spherical

radiator with constant volume displacement versus the frequency (romin 115). Mechanical constraints and

practical size limitations restrict the possible volume displacement of a single element transducer to about

10-3 ml at a frequency of 10 Hz and to aboui 10-4 m3 at 300 H. However, with arrays of sinle elements

this limit can be surpassed to a certain extent.

Example: One Bernice produces 194 dB at 100 Hz. Wavelength is 15 m.

With 10 Dernices the onrce level will be 204 dB if they ae placed close toge•e•r. Arranged

along a straight line with half a wavelesgth spacing the directivity Wadex of this 70 in long

array is 10dB, rising the source level to 214 dB in the broadside direction. It will be difficult

however to tow such an array behind a ship. but it could be fixed to the bottom.
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240

200

=L0 lOkW

210.- -- -Z 1W
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Fig. 24: Source level and acoutmic power radiated from an hanonaically Iulsating sphere with
diameter small compared to the wavelength at .stamt volume -isplcement in M3.
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Final conclusions

I. If low fhequency sound is required with a sourm level of die order of 210 dB ot mor, for pmctkal

rusons the frequency must be chosen above 300 Ez.

2. In the frequency range of 300.400 Hz a stave of flextensioaads will produce sufficient sound. if t

stave is shotner dtn 2 m the adiation will be oannidirectionaly. Vith longer staves directionality

will occur.

3. In tde fruency range of 400 - 1000 Hz opue hollow cylinders may be a good choice, but fte highest

source levels are obtained with single Sparton Ring-shels. Staves of flextensionas can be applied too

but with increasing frequency the direcivity his to increase in order to maintain the required swo e

level (see fimure 13).

I
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